Beta-adrenergic receptors, adenylate cyclase activation, and myofibril enzyme activity in hypothyroid rats.
A previous study in intact animals assessed cardiovascular alterations in surgically thyroidectomized rats. Hemodynamic challenge via isoproterenol infusion identified abnormal left ventricular relaxation. Challenge by aortic occlusion revealed a latent deficiency in left ventricular contractility which was not apparent during beta-agonist challenge. The present study utilized left ventricular cardiac tissue obtained from the identical control and thyroidectomized animals from which intact heart hemodynamic information had been obtained. Biochemical systems were selected for evaluation based on demonstrated hemodynamic alterations, i.e., beta-adrenergic receptor number/function and contractile protein enzyme properties. The number of beta-receptors on hypothyroid cardiac membranes was significantly decreased, but receptor agonist affinity was not influenced. Basal adenylate cyclase activity in cardiac membranes from control and thyroidectomized rats was nearly identical; however, isoproterenol activation was diminished in hypothyroid cardiac membrane, particularly at the higher levels of beta-agonist stimulation. Adenylate cyclase enzyme activation by forskolin was not influenced by thyroidectomy; however, activation by sodium fluoride was reduced approximately 30% when compared with preparations from control rats. Cardiac myofibrillar enzyme activity for adenosinetriphosphatase (ATPase) was significantly lower in thyroidectomized rats. Despite reduced ATPase activity, myofibrillar calcium sensitivity was unaltered. Myofibrillar creatine kinase enzyme activity was not influenced by thyroidectomy; therefore, compartmentalized ATP regeneration potential via creatine kinase was enhanced relative to substrate utilization via ATPase. Thus hemodynamically significant cardiac influences of hypothyroidism are mediated, at least in part, via 1) reduced beta-receptor number, 2) diminished catecholamine-induced activation of adenylate cyclase, and 3) reduced myofibrillar ATPase activity.